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Introduction
The standard measure of the labor input is the
sum of market-sector employment hours over
all individuals. Validity of this measure requires
that the composition by skills and ability of
those working at each point in time be approx-
imately the same. Over the long term, the ex-
perience and educational achievements of the
work force have changed markedly, and vari-
ous methods have been devised to correct for
this transformation in quality (Jorgenson, Gol-
lop, and Fraumeni [1987]) or in composition
(Dean, Kunze, and Rosenblum [1988]). From a
secular point of view, these corrections are
large, with the size of the correction being sen-
sitive to the method employed. But from a cy-
clical accounting point of view, as we show in
section IV, it makes little difference whether the
standard measure or these alternative measures
are used.
The question addressed here is whether, on
a cyclical basis, aggregate hours is a good
measure of the labor input. It could very well
be an adequate cyclical measure despite being
a poor secular measure. In particular, if the
composition changes are slow relative to cycli-
cal variations in the labor input, it would be a
good yardstick from the point of view of cycli-
cal accounting.
Prior to this study, the evidence on this
question was mixed. Clark and Summers (1981)
find considerable differences in cyclical em-
ployment variability across age and sex groups.
Hansen (1986), using Current Population Sur-
vey data, aggregates the labor input by weigh-
ing the hours worked for different age and sex
groups by their relative wages. He reports that
his measure of the labor input is only slightly
more stable than is aggregate hours. Thus, if
differences in cyclical variability within such
groups were small, as he implicitly assumes,
then composition changes would not hinder
evaluation of the cyclical variability of the
labor input. Kydland (1984), however, main-
tains that there are in fact strong systematic dif-
ferences for males (ages 30 and over) in the
Panel Study of Income Dynamics (PSID). He
states that for this group, the more-educated
workers had higher average compensation per
hour and less variability in annual hours. Further-
more, the empirical sensitivity of this group's
hours with respect to the unemployment rate
decreased with the level of education. Using
Kydland's estimates, Prescott (1986b) finds that
if one adjusts a group's average hours forquality by multiplying it by that group's average
wage, quality-adjusted hours worked are only
half as sensitive to the unemployment rate as
are the quality-unadjusted hours.
In this paper, we systematically examine the
issue for all individuals in the PSID sample. We
treat each person's time as being a different
type of labor input. The rental prices used to
construct the sample's aggregate labor input for
each of the 14 years from 1969 to 1982 are that
person's total labor compensation divided by
his total number of hours for the entire period.
Because each person's human capital weight is
constant over time, these weights are orthogo-
nal to the cycle.
Our measurement procedure is in the na-
tional income and product accounting tradition
of Kuznets (1946) and Stone (1947). With this
approach, aggregate real time series are ob-
tained by evaluating output in different periods
using the same set of prices. This is precisely
what we do with respect to the labor input.
We determine that, cyclically, our measure
of the labor input varies by about one-third
less than the measure obtained by the standard
method for the PSID sample in the 1969-82 pe-
riod. Such a large correction, if it held for the
entire population, would dramatically change
the business cycle facts. If the labor input ac-
counts for a lesser share of the cyclical variation
in output, then the residual (the Solow technol-
ogy parameter) must account for more.
To see this point more clearly, suppose that
output, y, is determined by a standard aggre-




z is the level of technology, k and n are the
capital and labor inputs, and a is a parameter
whose value generally is determined from the re-
spective income shares of GNP. To undertake
growth accounting, as proposed by Solow
(1957), one then proceeds to take logarithms of
the production function and rewrite as follows:
log z = log y - a log k - (1 - a) log n.
With time series for y, k, and n, a time series for
z is computed as a residual. More recently, this
relation has been used with quarterly data as the
basis for evaluating the statistical properties of cy-
clical technological change.
1
Cyclical movements in the real wage have
been the subject of numerous empirical investiga-
tions. In an early study, Dunlop (1938) examines
British real-wage movements from I860 to 1913-
1 For more details, see Prescott (1986a).
He finds that real wages tended to increase in
most expansions and decline in contractions.
Tarshis (1939) corroborates these findings for
the U.S. economy in the 1932-38 period, also
noting that changes in both the real wage and
hours worked were slightly negatively corre-
lated. Fischer (1988, p. 310) reviews these and
subsequent studies and concludes "...the weight
of the evidence by now is that the real wage is
slightly procyclical." This is consistent with
Lucas's (1981, p. 226) assessment that "...ob-
served real wages are not constant over the cy-
cle, but neither do they exhibit consistent pro-
or countercyclical tendencies."
These findings are problematic for any busi-
ness cycle theory that assigns an important role
to real-wage movements. As Phelps (1970)
points out, this is a concern for theories with
nominal-wage rigidities because they imply
countercyclical movements of the real wage. It
is also a problem for theories in which technol-
ogy shocks induce fluctuations. Unless leisure
is highly intertemporally substitutable, as it is
in the Hansen (1985) economy, the real wage
is strongly procyclical for this class of theories.
As emphasized by Christiano and Eichenbaum
(1992), and implicitly also by McCallum (1988),
the essentially zero correlation of cyclical hours
and compensation per hour is especially bother-
some for these theories.
Panel studies have examined the sensitivity of
individuals' real compensation per hour to the
aggregate unemployment rate, with Bils (1985)
and Solon and Barsky (1989) finding very strong
procyclical movements and Keane, Moffitt, and
Runkle (1988) much weaker procyclical move-
ments.
2 For some theoretical frameworks, this is
an appropriate procedure for determining how
the real wage moves cyclically, but for others it
is not. This method assumes that the nature of
the employment contract is such that the worker
chooses hours and is compensated in proportion
to the number of hours worked. This contractual
arrangement is the exception rather than the rule,
however. Because it is usually the employer who
chooses hours given some explicit or implicit
compensation schedule, we did not adopt the
real-wage definition implicit in the cited panel
studies and in the implied measurement proce-
dure. Rather, we employed the approach used
• 2 The samples used in these studies are much narrower than that
used in this paper. Bils and Keane, Moffitt. and Runkle use the National
Longitudinal Survey ot Young Men (ages 14-24) as of the beginning of
the sample period. In the section of the Solon and Barsky paper that uses
PSID data, the sample is restricted to 357 men who worked in every year
of the sample period.by Kuznets for other series, with the real wage
being defined implicitly as total labor compen-
sation divided by the aggregate labor input us-
ing a fixed set of wages to value the many
different types of labor inputs.
Our finding of strongly procyclical labor-
input compensation contrasts sharply with most
previous findings. The reason for the difference
does not appear to be the special nature of the
PSID sample. For this sample in this period, real
compensation per hour is weakly procyclical
and, cyclically, real compensation per hour and
hours are only weakly correlated, as they are for
U.S. aggregate data. The disparity arises because




The standard measure of the labor input is sim-
ply aggregate hours. Let hit be individual-?
hours of work in year t. Aggregate hours per
person is
*>tt/Nr
where Nt is the number of individuals in the
population in year t. The real rental price in
period t is
Following standard procedures, the implicit real
wage of labor services is
where eit is real earnings of individual i in
period t.
Our measure of the labor input is
where <p; is the "normal" price of individual- i
labor services. For the sample period, there was
little long-term change in real compensation per
hour. This led us simply to use as weights real
compensation per hour for the entire period.
Thus,
where the summations are over years for which
individual hours and earnings are available.
where, as before, the summation is over those
in the sample at date t.
II. Data
The PSID data covered the years 1969-82. In-
cluded in the study were individuals in the Sur-
vey Research Center's representative national
sample of families; those in the additional sam-
ple of low-income families drawn from the Sur-
vey of Economic Opportunity were not included.
Family information was used to construct indi-
vidual data for the head of the household (de-
fined in the PSID as the male, if present) and, in
the case of a married couple, for the wife as
well. All people with at least four years of posi-
tive annual work hours were included, resulting
in a sample of 4,863 individuals.
We obtained labor incomes for heads of
household by summing reported income for
regular labor, overtime, the labor portion of unin-
corporated family business, professional practice
or trade, and farm activity. Annual hours worked
is the sum of hours devoted to these activities.
We did not include 1967 and 1968 in the sample
because some of the income series went unre-
ported in these years.
Dollar figures were posted for regular income
in all years and for the other income categories
after 1974. In the 1969-74 period, only an in-
come bracket was reported for each of the other
categories, so these observations were assigned
income numbers based on the respective bracket.
The rule we use for that assignment is specified
in appendix 1. Typically, the head of the house-
hold reported his or her labor hours and various
incomes in the interview. If this person was a
married male, he also reported his wife's income
and hours. These were the figures used for the
married females.
In some cases, the interviewers made major
assignments because of insufficient data; we
treated these years as missing observations.
For some people in some years, the reported
annual hours are substantial. We treated fig-
ures larger than 365 x 12 = 4,380 hours per
year as missing observations.
The tables in appendix 2 present aggregate
statistics for the entire sample population as
well as separately for males, married females,TABLE 1
Cyclical Labor Input, Real Wage,











































a. Standard errors are in parentheses.
SOURCE: Authors' calculations.
FIGURE 1
Labor Input (L), Aggregate Hours (H),
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SOURCE: Authors' calculations.
and single females. The marital status of some
women changed over the sample period, so
that they appear in the married female group in
some years and in the unmarried female group
in the other years. The men are not subdivided
by marital status because of the small number
of unmarried males in the sample.
III. Findings
For purposes of this study, the cyclical compo-
nent of a time series is defined as the deviation
from the time trend.
3 Because it is the percent-
age variation of each series that is of interest,
the logarithms of the various aggregates are
the time series whose properties are examined.





Figure 1 plots the cyclical component of aggre-
gate hours, the aggregate labor input, and real
GNP versus time. Clearly, both hours and the
labor input vary with GNP, but the hours com-
ponent varies much more. As shown in table
1, the percentage standard deviations are 1.42
for hours and 1.02 for the labor input, yielding
a ratio of the two volatility figures of 1.39.
Insofar as the behavior of the PSID sample is
similar to that of the entire population, the use
of aggregate hours as a proxy for the labor in-
put gives a highly distorted picture of the cycli-
cal movement of the labor input and therefore
of productivity as well. The empirical elasticity
of hours with respect to GNP is 0.45, while the
empirical elasticity of the labor input with re-
spect to GNP is 0.30—only two-thirds as large.
• 3 Some view aggregate time series as the sum of a cyclical and a
growth component. We do not (see Kydland and Prescott [1982]). One
should think of these elements as well-defined statistics that adequately
capture for this sample period what are commonly referred to as business
cycle fluctuations.FIGURE 2















of the Labor Input
and Its Implicit
Real Wage
Part of the conventional wisdom is that real
wages and the labor input do not move together
cyclically. This reflects the Tarshis (1939) findings
for the 1930s and the Christiano-Eichenbaum
(1992) results for the postwar period. For our
sample in the 1969-82 period, aggregate hours
and average compensation did not move to-
gether much: The correlation is only 0.25. Thus,
the Tarshis findings hold for this period as well if
the measure of the labor input is aggregate hours.
But the labor input and its implicit real wage—
that is, real aggregate compensation divided by
the labor input —are strongly and positively as-
sociated, with a correlation of 0.52. Figure 2 plots
the labor input and real wage versus time, which
can be contrasted with aggregate hours and
hourly compensation in figure 3.
Clearly, for the human-capital-weighted
labor input, the Tarshis result does not hold.
The real wage and the labor input move to-
gether cyclically. Both average compensation
per hour, W
H, and the real wage, W
L, are posi-
tively associated with GNP. The correlation for
the real wage is 0.51, but it is only 0.12 for av-
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Behavior of
Growth Rates
The more traditional (and, given current compu-
tational capabilities, we think inferior) method of
deducing the cyclical behavior of real wages,
hours, and employment is to examine relations
between changes in variables. This is the meth-
odology employed by Dunlop (1938) and Tarshis
(1939) in their pioneering studies. A question
that naturally arises is whether our disparate find-
ings are due in part to the difference in method-
ology. To answer this question, the statistics
calculated for cyclical components and reported
in table 1 were also calculated for growth rates
and are shown in table 2.
We find that growth rates of hours are much
more variable than those of labor inputs, with
the difference exceeding that for the cyclical
components. Growth rates of the labor input
and its real wage are positively correlated,
while those of hours and compensation per
hour are nearly uncorrelated. Similar relations
hold for the empirical elasticities of growth
rates of the labor input and hours with respectTABLE 2
Growth Rates of Labor Input,
Real Wage, and Real GNP:
PS!D Sample, 1969-82
to GNP. Thus, examining cyclical components
versus growth rates does not account for the
difference in our findings. The conclusions are












































a. Standard errors are in parentheses.
SOURCE: Authors' calculations.
FIGURE 4
Labor Input (L) and Aggregate
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Robustness of
the Findings
These results strongly support the view that, cy-
clically, the labor input varies significantly less
than does aggregate hours and consequently
that productivity fluctuates much more. There
would be a problem if the human capital
weights were systematically too low for indi-
viduals with the most cyclically variable hours
of employment. We can think of no reason for
such a pattern. On the contrary, a study by Kot-
likoff and Gokhale (1992) suggests why the op-
posite may be the case. Measuring life-cycle
compensation and productivity profiles, they
find that for highly skilled workers, compensa-
tion is lower than productivity in the first half
of the life cycle, usually until individuals reach
their mid-forties. Especially in the early part of
the life cycle, this difference is substantial. Be-
cause our sample period includes years in
which the baby boomers had just entered the
work force (the average age is under 40 in all
years before 1980), our sample may include an
unusually large number of such highly skilled
workers whose measured quality weights
understate their productivity.
Neither do we believe that cyclical variations
in human capital are a concern. The stock of hu-
man capital is several times larger than annual
output. The variations in the human capital in-
vestment would have to be huge to induce signifi-
cant cyclical variation in the human capital stocks.
If they were, cyclical GNP would be a poor meas-
ure of cyclical output, for it would not include this
large and highly volatile investment component.
Other capital stocks are roughly orthogonal to cy-
clical output, and we can think of no plausible rea-
son for the human capital stock to differ.
4
We multiplied the weights by identically
and independently distributed log-normal ran-
dom variables with a mean of 1 and a standard
deviation of 0.1. This did not affect any of the
findings, which indicates that errors in measur-
ing the weights that are not systematically re-
lated to the cyclical variability of individuals'
hours are not a problem.
4 See Kydland and Prescott (1982).FIGURE 5
Labor Input {L) and Aggregate
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SOURCE: Authors' calculations.
FIGURE 6
Labor Input (1) and Aggregate
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SOURCE: Authors' calculations.
FIGURE 7
Labor Input (L), Aggregate Hours (H),
and Real GNP: Weighted Sample, 1969-82
Percent
0.05
Over time, people enter and exit the PSID
sample and there are missing observations. The
number of people in the sample varied smoothly
over time and did not fluctuate with GNP. Conse-
quently, our surprising findings do not appear to
be the result of missing observations being sys-
tematically related to the business cycle.
Some wage observations are sufficiently
extreme that they are almost certainly errors.
To see how our measurements could be af-
fected by such observations, we omitted year t
for person i if elt lhit exceeded both three times
cp, and $15 in 1969 dollars. The findings were es-





The sample was subdivided into males, single
females, and married females. Men were not
classified separately by marital status because
in half of the years, the number of single males
in the sample was less than 200, which is far too
small for our purposes. Men accounted for ap-
proximately two-thirds of the hours supplied by
the total sample and for four-fifths of the labor in-
put. Given this, it would be surprising if the ag-
gregate statistics for males and those for the
entire sample were dissimilar. Figures 1 and 4
show only a slight difference in the aggregate be-
havior of males and that of the entire sample.
An interesting finding is the disparity in the
behavior of single and married women. Figures
5 and 6 present plots of their hours and labor
input versus time. Given the small size of the
samples (less than 600 single and 1,700 mar-
ried women) and the fact that coefficients of
variation are about 0.6 for singles and 0.8 for
marrieds, random sampling variability is not
small. The empirical elasticities of hours and
the labor input with respect to GNP are re-
ported in table 3 along with the standard errors.
We find that the labor inputs for males and
single females are much less responsive to real
GNP than are their hours of work in the busi-
ness sector. The estimated elasticities are larg-
est for single women.
-0.06
1969 1971 1973 1975 1977 1979 1981
SOURCE: Authors' calculations.TABLE 3
Empirical Elasticity of Hours and Labor
Input with Respect to Real GNP for
Demographic Groups, 1969-82



























Cyclical Labor Input, Real Wage,



























































The results for the PSID sample indicate that,
cyclically, workers' aggregate hours are not a
good measure of their aggregate labor input.
To make the PSID sample more representative
of the U.S. population, we weighted the three
demographic groups by their relative numbers
in the U.S. population. Figure 7 plots both the
weighted-sample hours and labor input along
with real GNP. These hours move in closer
conformity with GNP than do the unweighted
figures. Table 4 presents some summary statis-
tics, which are essentially the same as those for
the unweighted sample as reported in table 1.
Bias of Measures of
Relative Volatility
The statistics reported are nonlinear functions
of sample moments. A question is how close
they are to the statistics for the population
from which the sample was drawn. For a ran-
dom sample of a given size, there is generally
a sampling distribution, which is a function of
the distribution of characteristics in the sampled
population. This sampling distribution is a con-
tinuous function of the distribution of popula-
tion characteristics.
We used Monte Carlo techniques to deter-
mine the sampling distribution for the population
for which the PSID sample is representative. If
this distribution is close to the actual population
distribution, continuity implies that the distribu-
tion of sampling errors for the actual population
will be close to the computed one. Insofar as it is
sufficiently close (which is true asymptotically),
the sampling-error distribution for the ratio of the
standard deviations of hours and the labor input
has a negative bias of 0.13 and a standard devia-
tion of 0.16. If the true value were 1.25, which is
a large number from the point of view of busi-
ness cycle accounting, in only one of the 100 ran-
dom samples was the statistic as much as 0.28
above its true value. This, we think, indicates
that the difference in volatilities is most likely
greater than 25 percent for the actual population
in this period.Comparison with
Other Measures of
the Labor Input
The standard measure of the labor input is ag-
gregate hours. When it is adjusted using the
composition adjustment factor of Dean, Kunze,
and Rosenblum (1988), the measure's cyclical
variability is reduced from 2.34 to 2.07 percent,
implying that hours are 13 percent more vola-
tile than their adjusted hours in the 1969-82
period. Similarly, for the Jorgenson, Gollop,
and Fraumeni (1987) adjustment, the variability
of hours is 2.20, while it is 1.84 for their labor
input in the 1969-79 period. Thus, hours are
19 percent more variable than is their labor in-
put. Finally, comparing Darby's (1984) total
hours and quality-adjusted hours for the same
period, the cyclical variability of the former is
3-02 percent, while that of the latter is 3.06.
In all three studies, there is considerable ag-
gregation within each group, and quality
weights are computed on this basis. From a cy-
clical accounting point of view, these adjust-
ments are somewhat significant, but are
dwarfed by the adjustments suggested by our
study. We, of course, use separate weights for
each individual. The weighted-sample hours
variability is 1.50 percent—a full 53 percent






To the extent that the relative variabilities of
hours and the labor input found for the weighted
PSID sample hold for the entire U.S. population,
our findings call for major revision of the tradi-
tional view of the nature of business cycles.
Rather than productivity and the labor input be-
ing slightly negatively correlated, they become
strongly positively associated. The importance of
variations in the labor input in accounting for
fluctuations in aggregate output is substantially
reduced. Given that cyclical components of capi-
tal stocks and output are roughly orthogonal,
variation in the Solow technology coefficient
must account for much more of business cycle
fluctuations in output. This factor, then, is nearly
as important as are variations in the labor input.APPENDIX 1
Figures Used for Bracketed
Income Variables, 1969-74
Income Bracket



















Sample Averages: Full Sample
and Males, 1969-82
Full Sample Males

























































































































































































































































































NOTES: H= annual hours of work; L = annual labor input; and E- annual real labor earnings in 1969 dollars. Standard deviations are in
parentheses.











































































































































































































































































































NOTES: H = annual hours of work; L = annual labor input; and E •
parentheses.
SOURCE: Authors' calculations based on PSID data.
•• annual real labor earnings in 1969 dollars. Standard deviations are in
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